ABSTRACT This paper develops a simple model to explain the phenomenon of persistent unemployment, even in an economy experiencing high output growth. In the model, unemployment grows at a rate identical with the growth rate of input factors and sectors. The result is primarily triggered by a pre-fixed minimum wage for unskilled workers. To corroborate our claim, we have empirically tested our model hypothesis using data for 12 developing countries and found empirical results consistent with the theory. To mitigate or reduce unemployment, history becomes crucial in deciding on the desired rate of growth in different sectors.
Introduction
Rapid economic growth is often seen as a panacea for persistent unemployment in a country (Aghion & Howitt, 1994; Romer, 1986; Solow, 1956) . For any country, the increase in output will be reinforced by an increase in the capital stock because investment will be more profitable when return to capital increases. This leads to an increase in labor productivity, and hence increases the demand for labor. Increased demand for labor would lead to a decrease in unemployment until the return to capital has been restored to its original level. However, recent rapid economic growth in less developed/developing countries did not translate into an equivalent reduction of unemployment in these countries. Many of these countries are experiencing a high unemployment rate despite rapid economic growth (Stiglitz, 2003) . For example, during 1995 For example, during -2005 , developing countries such as Chile, Costa Rica and the Philippines experienced average real GDP growth rate of more than 4% per annum; however, during the same time these countries also experienced an unemployment rate of more than 7% annually. Appendix 1 provides evidence for a high unemployment rate despite rapid economic growth using data from the 12 less developed/developing countries from Asia and Latin America under study. This phenomenon of persistent unemployment in high growth economies calls for a theoretical structure to explain this character of modern growth. In this paper, we develop a simple model to shed some light on the missing link between a high overall economic growth rate and persistent unemployment. Drawing on earlier works by Beladi, Marjit, and Weiher (2011) , Chakrabarti (2004) , Findlay and Kierzkowsky (1983) , Jones (1965 Jones ( , 1971 , |Marjit (2012, 2013) , Marjit and Beladi (1999) , and so on, we frame a theoretical model first, then use a panel dataset of 12 less-developed and developing countries from Asia and Latin America to test the theoretical claims of our model.
Building on prior evidence, we develop a model with three inputs -skilled labor, unskilled labor and capital, and show that unemployment can persist among unskilled labor despite steady growth in skilled labor and capital. The basic results that we derive here are: if all factors grow at an identical rate, then output and unemployment will also grow at the same rate. Therefore, initial unemployment share determines the required rate of growth necessary to reduce unemployment. The primary reasons for such results are: if an economy starts with some unemployment and experiences an all-round growth in all factors of production, it exhibits a kind of stationary equilibrium characterizing an equi-proportionate increase in output and unemployment. Such growth-unemployment coexistence is driven by capacity constraints in absorbing unskilled labor, dictated by the technology that may remain unaltered because of non-changing factor-price ratio(s). Hence, the only way out to reduce unemployment is a disproportionate increase in favor of those factors that are always fully employed via a competitive adjustment mechanism. This may, essentially, draw some unskilled labor from the unemployed pool even if there is no factor substitution necessitated by changing factor price ratio(s). The level of unemployment of unskilled workers, in our set up, is primarily driven by the existence of a pre-fixed wage for them. The downward rigidity of the unskilled wage actually restrains the economy from guaranteeing full employment of unskilled workers. 1 Recently, Oladi and Gilbert (2011) , emphasized how intra-industry trade between two dissimilar countries -unlike the standard wisdom of intraindustry trade between similar countries, characterized by a low-wage and a high-wage economy, and in the presence of rural-urban migration -may reduce open urban unemployment under less restrictive assumptions. Their paper has also indicated how a choice of policy depends on the level of urbanization, and why South-South trade reduces urban employment more than North-South trade. In spite of defining unemployment in a way that is slightly different from Oladi and Gilbert (2011) , in this paper we try to explain how the initial unemployment share of unskilled labor in the economy is crucial in determining the required growth of factors and sectors in curbing unemployment. This argument has some similarities with the threshold level of urbanization of Oladi and Gilbert (2011) . 2 Although our paper mainly talks about unemployment in a developing country set up, the model can also explain unemployment in the context of developed countries. However, we emphasize the unemployment of unskilled labor in developing economies since these are the regions across the globe where unemployment (of unskilled labor) is rampant due to excess supply of such unskilled labor, and often these countries generally lack skills in acquiring training programs. Nevertheless, our model will fit well for developed economies, characterized by similar phenomena. Another concern that we experience for developing countries is the shortage of supply of capital (K) and skilled labor (S) compared with unskilled labor (L) which, as we will explain later, can be one significant pathway for reducing the chronic unemployment problem. Again, the severity of persistent unemployment is more harmful from states' perspective particularly in developing economies as unskilled labor has relatively few alternative job opportunities to fall back on. Also, the developing part of the globe suffers from lack of social safety programs sponsored by government.
The remainder of this paper is organized as follows: Section 2 introduces the theoretical model and main theoretical propositions; Section 3 discusses the data sources, the econometric model used in the study, and the regression results. Finally, Section 4 concludes.
Basic Theoretical Model
We consider a small, perfectly competitive, open economy producing two traded goods; X and Y. The goods' prices are determined internationally and hence are exogenous. Product markets and factor markets are characterized by standard neo-classical assumptions such as constant returns to scale (CRS) and diminishing marginal productivity (DMP). Both K and S are fully absorbed in X and Y. In case of L, however, a part of the total unskilled labor force remains unemployed as U, which is taken care of in the full employment conditions. So, in a sense, the full employment assumption of the neo-classical framework is also satisfied in our model. Perfect competition assumption guarantees zero profit for producers and also ensures determination of optimum production technology from the factor prices only. Both goods use all three factors of production, namely skilled labor (S), unskilled labor (L) and capital (K). Unemployment is defined by U. Note that, in our framework U implies unemployment only of unskilled labor. Full utilization of other factors such as S and K is guaranteed by competitive market. However, factor intensity may vary between goods. Skilled wage (W S ) and rental rate of capital (r) are market determined and hence there is no room for unemployment of skilled labor and capital. The economy is further characterized by policy determined minimum wage, W, which is also unskilled wage in our model. Needless to say, W S > W.
As mentioned above, the competitive price mechanism for skilled labor helps adjust the skilled wage and ensures full employment of S. For the sake of simplicity we further assume that W S W . So, even if W S adjusts to confirm full employment of S, it does not go below W. This is because the supply of S compared with L is much less, to ensure a significant difference between W S and W. Therefore, even when the skilled wage falls owing to increased supply, it remains at a level much higher than the unskilled wage. Hence, it does not create much of a problem. A binding minimum wage does not allow the unskilled wage rate to have free fall to accommodate full employment when unskilled labor supply (L) increases. Had there been no downward rigidity of unskilled wage, the possibility of unemployment of L would not have risen at all. Despite knowing this, the government cannot allow the unskilled wage to go below a certain level since the binding wage is generally set at a level that is merely sufficient for sustenance. This is because it is, essentially, the responsibility of the state to provide assurance to the employed part of L that their wage income is sufficient to accommodate the cost of subsistence livelihood. So, here, the unskilled wage signifies the minimum income required for survival -see Marjit and Kar (2011) for a detailed discussion of this issue. More recently, Rani, Belser, Oelz, and Ranjbar (2013) studied 11 developing countries with minimum wage laws. The study found that more than 90% of the employed workers, both in the formal and informal sectors, are covered under the minimum wage laws. However, the existence of minimum wage laws does not signify compliance. Rani et al. (2013) found that rate of minimum wage compliance varies across countries from 49% in Indonesia to 95% in Vietnam. But in most of the developing countries, the minimum wage compliance is more than 70%. 3 To define the system of equations we use following symbols: P j ⇒ price of jth commodity (j = X, Y); W S ⇒ skilled wage; W ⇒ unskilled wage; r ⇒ rate of return to K; a ij ⇒ production requirement of the ith factor in one unit of jth commodity (i = S,L,K and j = X,Y); S ⇒ total supply of skilled labor; L⇒ total supply of unskilled labor; U ⇒ Total unemployment of unskilled labor; K ⇒ total supply of capital, K; a 'hat' over a variable represents proportional change.
The following set of equations describes the model. Competitive price equations are:
Factor market clearing conditions are
By virtue of the small country assumption, factor prices are determined from equations (1) and (2). Since goods' prices are fixed, W S and r will also remain fixed throughout, and following our assumptions W is given to start with. Hence there will be no factor substitution, whatsoever.
Once factor prices are determined we get the values of a ij . So X and Y are simultaneously solved from equations (3) and (5) SinceŴ S =Ŵ =r = 0, the full employment conditions of S and K yield Xλ SX +Ŷλ SY =Ŝ;Xλ KX +Ŷλ KY =K. Interpretation of λs are well used in trade models, and can be best understood from Jones (1965) . Essentially, λ ij indicates employment share of the ith factor in the jth commodity. Now, let us consider that the economy is experiencing an identical growth in all factors. As of now we are not bothered about the reasons for such a growth. X andŶ are solved as follows:
Note that (λ SX + λ SY ) = 1 and (λ KX + λ KY ) = 1. Therefore, we propose Proposition 1.
Proposition 1 Both sectors will expand, if factors grow, irrespective of factor intensity ranking.
Proof. For the proof, see the discussion above. Now, we move to the unskilled labor (un)employment condition. Substituting the values ofX andŶ and manipulating a bit we arrive at
Proposition 2 If all the factors of production, e.g. K, S and L grow at an identical rate, unemployment and output of X and Y will also grow at the same rate.
The intuitive explanations are as follows. Competitive factor prices ensure that both S and K are easily absorbed in the economy. In the case of L, however, the downward wage rigidity made full absorption impossible. When all factors grow at an identical rate, again, the economy fails to employ all L for the same reason and hence U also grows. So the economy does not get rid of the unemployment problem even if it experiences all-round growth. 6 Nevertheless, if S and K increase at a rate faster than L, the unemployment rate would rise at a rate lower thanL since extra S and K make room for some unemployed L. SayŜ =K =L. Sô
And, unemployment would be reduced if S and K rise by a rate sufficiently higher than L. The precise condition forÛ < 0 isŜ >L 1 (1−λ U ) . Therefore, we have the following corollaries of Proposition 2.
When both S and K grow, X and Y simultaneously draw increased S and K by the amount dictated by technology. But technology remains unaltered throughout in the structure developed here. On the other hand, L also 5 λ U indicates a ratio of U to L, i.e unemployment share in the total supply of unskilled workers. 6 One important implication of Proposition 2 is that, in order to curb unemployment, K and S have to grow at a rate higher than L. Increased supply of K and S will guarantee an expansion of both X and Y. Therefore, the economy will grow. This growth is made possible by increased K and S, and by some unemployed L who are now employed. We are thankful to an anonymous referee for clarifying such arguments. increases to complement the increased S and K. In spite of the full employment of S and K, some L are not lucky enough to get a job at the given wage rate, W. Here, we started with some amount of unemployment indicating the capacity constraint in Y. This implies that unless S and K grow at a rate faster than L, unemployment will never cease to exist or reduce. One can easily understand this from Corollaries (ii) and (iii) as 0 < λ U < 1 . In addition, if initial unemployment share of U in the economy is relatively small (or unskilled labor employment share is large), the required growth in S and/or K and output would be much less for all the possibilities mentioned above. Therefore, history matters in reducing unemployment.
It is further apparent from the corollaries that in order to curb unemployment of unskilled labor S and K have to increase at a rate higher than that of L (as we have mentioned before). In such a backdrop unemployment will undoubtedly dwindle. Hence, this is the necessary condition for unemployment reduction. Now the question is what will happen if S and K increase disproportionately given that these rates are higher thanL. This will first ensure a contraction of unemployment as examined previously. In order to reduce unemployment further we need to emphasize on the factor of production that is intensively used in the sector where L absorption is higher. Say X is K-intensive and a LX > a LY . A one unit increase in K will attract more L from the unemployed pool compared with an increase in S, which is intensively used in Y. In fact, in an extreme case, if S does not increase (or fall), unemployment may even go down since L absorption in X due to increased supply of K may be much higher than L released from Y. The arguments would be completely reversed under the assumption that a LX < a LY . One can easily follow the intuitive explanation as equations (1) and (2) together essentially resemble the Heckscher-Ohlin set up, if we overlook Wa LX and Wa LY , respectively, where the Rybczynski effect would determine which sector is going to expand or contract following an augmentation of factor endowment. In what follows, comparison between a LX and a LY will dictate the effectiveness of sectoral expansion in reducing unemployment further. Deciding on that, government may design policies as to whether more K should be allowed to come in or whether it should stress producing and/or importing more S. Therefore, the unskilled-labor coefficients in X and Y become crucial for the choice of policies for removing the unemployment problem. 7
Econometric Model and Empirical Results

Data
The data that have been considered come from various sources. The dependent variable, the number of unemployed in millions, is taken from the World Bank. Data on Gross Domestic Product and Gross Domestic Fixed Capital Formation, both in billions of 2005 US dollars, and total labor force in millions, are also obtained from the World Bank. The share of skilled workers in the total labor force is estimated from the Groningen Growth and Development Centre 10-sector database. Due to a lack of information on unskilled workers, we assumed that unskilled workers are primarily based in agriculture, forestry and fishing, mining and quarrying, construction, and wholesale and retail trade, hotels and restaurants. The countries under study are Argentina, Brazil, Chile, Colombia, Costa Rica, Indonesia, Malaysia, Mexico, Peru, Philippines, Thailand and Venezuela. The choice of countries is primarily limited by the availability of data since the Groningen Growth and Development Centre 10-sector database provides employment by sectors only for the above-mentioned developing countries. To our best knowledge, this is the only reliable data source that estimates employment by sectors. Although the sample of countries is limited to only 12, we think that it well represents developing countries from both Asia and Latin America.
Empirical Methodology and Benchmark Results
Panel specification is considered over the period 1995 to 2005. The choice of time period is primarily limited by the availability of data. The Groningen Growth and Development Centre 10-sector database is only available for 1995 to 2005.
To be consistent with the representative agent model framework, we converted total gross capital formation in terms of per unit of labor. We have used three variations of capital formation -capital formation per unit of skilled labor
, capital formation per unit of unskilled labor
and capital formation per unit of labor force
, where K is Gross Capital Formation, L is number of unskilled labor and S is number of skilled labor. All variables are converted to logarithms and then first differenced to obtain rate of growth. In Proposition 2, since the relative growth rate of skilled and unskilled labor matters, we have used the growth rate of the skilled labor force over the growth rate of the unskilled labor force as one of the explanatory variables. 8 Our panel regression specification is as follow
The panel specification is adopted here to address the problems particularly induced by unobserved country-specific effects. The independent variables of interest are the growth rate of capital formation and relative growth rates of skilled and unskilled labor. We specify X i,t as the matrix of control variables, T t as the vector for time dummies and α i measures individual effects. In this model we have only one control variable, e.g. growth rate of GDP in 2005 Table 1 presents the results using random effect specifications. Our theoretical model predicts that both the growth rate of capital formation normalized by units of labor and relative growth rate of skilled and unskilled labor will have a negative impact on the growth rate of the unemployed. 11 Therefore, in the panel specification below, we expect coefficients for the growth rate of capital formation and relative growth rate of skilled and unskilled labor to be negative.
In all specifications, coefficients of all measures of the growth rate of capital formation are negative and significant. The coefficient of the relative growth rate of skilled and unskilled labor is negative but not significant. The coefficient for the growth rate of GDP is negative and significant. The signs of all the explanatory variables are as predicted by our model.
Conclusion
This paper tries to examine the theoretical underpinning of persistent unemployment in an otherwise growing economy. It has been shown that despite experiencing an all-round growth across sectors, an economy may still suffer from persistent unemployment problem. In fact, the unemployment rate that the economy starts with is also fundamental in fixing the target growth rate for different factors of production and different sectors. So, in a crude sense, history also matters in designing a proper economic policy. We have also validated our theoretical claim for the few developing economies characterized by unemployment and growth. 
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